Curvularia is an important genus whose species are widely distributed phytopathogens as well as opportunistic pathogens on human and animals. The purpose of this study is to re-evaluate the phylogenetic relationships of the species in the genus Curvularia using ITS (nuclear ribosomal internal transcribed spacer), GPDH (glyceraldehyde-3-phosphate dehydrogenase) and TEF (translation elongation factor) gene regions and to provide modern descriptions and illustrations of Curvularia australis, Curvularia buchloës, C. cymbopogonis, C. hawaiiensis, C. neoindica, C. neergaardii, C. nicotiae, C. nodulosa, C. ryleyi, and C. subpapendorfii which lack recent descriptions with details of host and distribution. A multi-gene phylogenetic tree based on ITS, GPDH and TEF gene regions is used to define species of a fresh collections obtained from various hosts and geographic locations in the world. Both human and plant associated species of Curvularia are included in the phylogenetic analysis. Some species that have previously been described from humans are herein reported from plant material as pathogens or saprobes and vice versa. Novel host associations are reported for C. asianensis, C. borreriae, C. hominis, C. muehlenbeckiae, C. trifolii and C. verruculosa.
Introduction
The genus Curvularia is comprised species associated with plant and human as pathogens worldwide (Sivanesan 1987; Manamgoda et al. 2012 a, b, da Cunha et al. 2013 . In addition to a host association with living organisms, including humans and plants, these species are reported from the air (Rangaswamy et al. 2013 , de Aldana et al. 2013 , fresh water (Verma et al. 2013 ) and soil . Currently there are 133 species of Curvularia are listed in Index Fungorum (accessed on 05th April 2015). Although a recent phylogenetic assessment of the Bipolaris-Cochliobolus-Curvularia complex (Manamgoda et al. 2012a ) and a subsequent monographic treatment of the genus Bipolaris ) are available, a detailed revision of the genus Curvularia has not been provided. Curvularia sensu Manamgoda is now considered as a well-characterized genus that is distinct from Bipolaris and supported by robust generic boundaries inferred by molecular data (da Cunha et al. 2013 .
The key morphological characteristics of the asexual morphs of Curvularia are the curved conidia with hyaline apical cells having two or three central darkened cells, one of which is enlarged and contributes to the curvature (Shoemaker 1959) . The sexual morph comprises black, globose ascomata, bitunicate, and cylindrical asci with filiform, hyaline ascospores, which are loosely arranged into a helix or in parallel. The sexual morph is not generally found in nature although it may be produced in culture under experimental conditions (Nelson 1964) .
Species of Curvularia can be found in nature as endophytes (Tadych et al. 2012 , Gautam et al. 2013 , Jena & Tayung 2013 , epiphytes (Diaz & Oyama 2007) , saprophytes (Manamgoda et al. 2012b ) and pathogens (Akter et al. 2013 , Scott & Carter 2014 ) on a wide range of hosts. Most of the known species are opportunistic pathogens and saprophytes which may be found from unrelated host substrata. For example, Curvularia lunata, the type species of the genus, originally reported from Saccharum officinarum (sugar cane) in Java, is also known to cause leaf spots on Clerodendrum indicum as an important medicinal plant (Mukarjee et al. 2013) and Zea mays, causing significant yield losses (Li et al. 2006) . Several important mycotoxins are produced by species of Curvularia. For example, C. lunata produces a toxin identified as methyl 5-(hydroxymethyl) furan-2-carboxylate (Liu et al. 2009) . Curvularia andropogonis, is the causal agent of leaf blight of citronella (Cymbopogon winterianus), produces a mycotoxin identified as 1-O-β-D (14-hydroxy-4, 12-eicosadienoyl)-glucoside (Alam et al. 1997) . In addition, curvularides and spiciferone-A have been reported from species of Curvularia .
Most of the morphological characters of species of Curvularia are overlapping. The differences between morphologically defined species are based on subtle characters that may vary depending on culture conditions, host and life modes. Species identifications based on morphology alone may be incorrect, doubtful or remain ambiguous (Revankar & Sutton 2010 , Vermeire et al. 2010 , da Cunha et al. 2013 . Several recent studies have shown that morphological identification of species of Curvularia do not always correlate with phylogenetic species recognition (Yanagihara et al. 2010 , Manamgoda et al. 2012a , da Cunha et al. 2013 ). According to a recent phylogenetic analysis using ITS, GPDH, TEF and LSU gene regions, several morphologically defined Bipolaris species grouped within Curvularia which were placed in the latter genus with nomenclatural amendments (Manamgoda et al. 2012a .
The objectives of this study are (1) to re-evaluate the phylogenetic relationships of species in the genus Curvularia using ITS, GPDH and TEF gene regions, (2) to provide modern descriptions and illustrations of ten species; Curvularia australis, C. buchloës, C. cymbopogonis, C. hawaiiensis, C. neergaardii, C. neoindica, C. nicotiae, C. nodulosa, C. ryleyi, and C. subpapendorfii, which lack recent descriptions with details of host and distribution. We discuss the diversity and the progress of the taxonomy and molecular phylogeny of genus considering its significance as a plant and human pathogen.
Materials and Methods

Isolates and Specimens
Strains of Curvularia were obtained from recent collections in northern Thailand and from various contributors in the USA and elsewhere as listed in the Table 1 . These strains were obtained either from leaf spots, seeds or decaying plant tissues and the methodology is described in Chomnunti et al. (2014) . Cultures were also sent by various collaborators upon our request. Additional cultures were obtained from the following culture collections: CBS (Netherlands), DAOM (Canada), ICMP (New Zealand), and MFLUCC (Thailand).
Morphology
Digital images of the ascomata and conidiophores were captured using a Discovery v20 stereomicroscope and AxioCam digital camera (Carl Zeiss Microscopy, Thornwood, NY, USA) imaging system. Structures were mounted in distilled water and observed using a Carl Zeiss Axioplan2 compound light microscope and measured as described in Udayanga et al. (2014) . At least 30 measurements were taken whenever possible for the calculation of conidial and conidiophore length and width ranges, which are reported as the mean plus or minus one standard deviation in the descriptions. Three sets of duplicate cultures of each isolate were used for determining colony characters on potato-dextrose agar (PDA, Becton, Dickinson and Company, Franklin Lakes, NJ, USA) at 25 ºC in the dark.
DNA extraction, PCR and sequencing
The DNA extraction, PCR and sequencing of three gene regions, ITS, GPDH and TEF, were performed according to the methods described in Manamgoda et al. (2014) . Curvularia IV Sequence alignment, phylogenetic analysis and species recognition Raw sequences were assembled with Sequencher v. 4.9 for Windows (Gene Codes Corp., Ann Arbor, MI, USA). The assembled consensus sequences were initially aligned with ClustalW and optimized with MAFFT v. 7 using default settings (http://mafft.cbrc.jp/alignment/server/) and adjusted manually where necessary (Katoh & Standley 2013) . Newly generated ITS, GPDH and TEF sequences were analysed individually with all available type-derived sequences to determine the preliminary identifications of the isolates and their congruency. To fully resolve closely related species, all the isolates were subjected to a multi-gene combined analysis. Phylogenetic reconstructions of concatenated and individual gene-trees were performed using Bayesian Inference (BI) Markov Chain Monte Carlo and Maximum Likelihood (ML) criteria. Bayesian reconstructions were performed according to the methods described in Manamgoda et al. 2014 .
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Maximum likelihood trees were generated using the software RAxML v 7.4.2 Black Box (Stamatakis 2006 , Stamatakis et al. 2008 in the CIPRES Science Gateway platform (Miller et al. 2010) . In order to determining the species limits, we applied the criteria of Genealogical Concordance Phylogenetic Species Recognition (GCPSR) (Taylor et al. 2000 , Dettman et al. 2003 .
Results
The phylogenetic analysis of combined ITS, GPDH and TEF gene regions comprises 108 isolates including the outgroup taxon (Fig. 1) . The alignment properties and the evolutionary models used in the phylogenetic analyses are summarized in TABLE 2. The RAxML combined phylogenetic tree using three genes illustrate the phylogeny of the genus (Fig. 1) . The Bayesian and Likelihood combined analyses produce phylogenetic trees with log likelihood values -11998.1 and -11920.2, respectively. The combined analysis resolved the majority of species in Curvularia. The 107 isolates of Curvularia used in the analysis are classified into 65 species. We incorporated 44 ex-type sequences in this analysis and used them to identify similar strains from different host and locations. Five unidentified species are tentatively named as Curvularia I-V in the phylogenetic tree. The principles of GCPSR were applied to determine the species limits, including in the case of species with a wide range of hosts mentioned above.
The incorporation of new isolates from various geographic locations revealed the wide occurrence of some species such as Curvularia asianensis, C. boedjinii, C. borreriae, C. hominis, C. lunata and C. muehlenbeckiae. Several new host records for Curvularia species are noted in this study. These new records are C. asianensis from Papsalum, Festuca and Microstegium in the USA, C. borreriae from Sorghum bicolor in South Africa and a poaceous host in Thailand, C. hominis from a poaceous host and Echinocola in Thailand, C. muehlenbeckiae from Sorghum in Japan and USA, C. trifolii from Sorghum in South Africa, and C. verruculosa from Oryza sativa and Zea mays Thailand. Curvularia hominis and C. muehlenbeckiae, which were originally described as human pathogens, were isolated from plant hosts for the first time in this study. 
Taxonomy
This section provides descriptions and illustrations of ten species. Nine of them are recently transferred to Curvularia based on molecular and morphological data . The details of type specimens and notes on host distribution are provided accordingly for each of the species revised. Hosts and distribution details are listed based on the specimens observed by authors indicated in protologues. The host records are extracted from the database of the Systematic Mycology and Microbiology Laboratory (Farr & Rossman 2014) or are otherwise cited in the literature and indicated as "also reported from" when the host records are not linked to specimens in this paper.
Curvularia australis (Alcorn) Y.P. Tan & R.G. Shivas, Australas. Pl. Pathol. 43: 597 (2014) . (Fig. 2) Basionym: Bipolaris australis Alcorn, Mycotaxon 15: 38 (1982 On Sporobolus mitchellii leaves, conidiophores (90-)110-234(-275) × 6-8 µm (av. = 172 SD = 62 n = 10; av. = 7, SD = 1, n = 10), arising occasionally singly or usually in groups, branched, septate, straight, geniculate at upper part, brown to pale reddish, lighter towards apex. Conidiogenous nodes dark brown, smooth. Conidia (33-)35-57(-69) × 9-15 µm (av. = 46 SD = 11 n = 32; av. = 12 SD = 3 n = 32), smooth-walled, straight or curved, subcylindrical to fusoid , sometimes narrowly clavate, tapering towards rounded apex, basal cell obconic, pale brown to mid reddish brown , 3-4-distoseptate (av. = 4). Hilum inconspicuous, germination bipolar.
Hosts:-Sporobolus caroli, S. mitchellii, also reported from: Chloris gayana, Eragrostis cilianensis, Sporobolus elongatus, Thellungia advena (Farr and Rossman 2014) . Distribution:-Australia. Notes:-This species was described by Alcorn (1982) and Tan et al. (2014) placed it in the genus Curvularia. It is closely related to Curvularia ovariicola as indicated in the phylogenetic tree provided herein (Fig. 1) . However, Curvularia ovariicola has longer conidia (50-80 µm) than C. australis. Therefore it is morphologically distinct from C. ovariicola. Leaf spots on Buchloë dactylidis. Straw coloured with dark blotches on both sides of leaf. Conidiophores (37-)41-93(-110) × 4-6(-8) µm (av. = 67 SD = 26 n = 25; av. = 5 SD = 1 n = 25), arising occasionally singly or usually in groups, larger groups on brown stromata, unbranched, septate, straight, geniculate at upper part, olivaceous brown, lighter towards apex. Conidiogenous nodes dark brown, flattened from apex. Conidia (34-)40-69(-71) × (7-)8-12(-15) µm (av. = 52 SD = 12 n = 30; av. = 10 SD = 2 n = 30), smooth-walled, straight or curved, ellipsoid to broadly ovoid, tapering towards rounded apex, basal cell rounded or truncate, hyaline when young, becoming pale brown when older, 3-8-distoseptate (av. = 5). Hilum inconspicuous, germination bipolar.
RE-APPRAISAL OF THE GENUS
Curvularia buchloës
Hosts:-Buchloë dactylidis, also reported on Bouteloua curtipendula, B. gracilis, B. hirsuta (Farr & Rossman 2014) .
Distribution:-USA, also reported from China (Farr & Rossman 2014 Notes:-The key morphological feature of this species is the production of conidiophores in groups on stroma that develop between fibrovascular bundles. Based on phylogenetic and morphological evidence, this species is placed in Curvularia ). This species is phylogenetically related to C. dactyloctenii and C. hawaiiensis. A sexual morph has not been reported for this species. Distribution:-Sudan, also reported from Africa, Brazil, Colombia, Cuba, Ghana, Japan, Jamaica, India, Malaysia, Nepal, Nigeria, Sierra Leone, USA, Venezuela, Zambia (Farr & Rossman 2014) .
Notes:-This species have a characteristic long ostiolar beak. According to the phylogenetic data of an authenticated culture, placement of this species in the genus Curvularia is confirmed (Manamgoda et al. 2012a) . 11) µm (av. = 23 SD = 3 n = 60; av. = 9 SD = 1 n = 60), straight, ellipsoid, oblong or cylindrical, rounded at ends, pale to mid brown, 2-7-distoseptate (av. = 5), conidia often germinating by a germ tube from one end.
Hosts Distribution:-Australia, Thailand, also reported from Brazil, Cuba, Egypt, India, Kenya, Mexico, Mozambique, Myanmar, Pakistan, South Africa, Uruguay, USA, Zimbabwe.
Notes:-The shape and size of the ostiolar beak is characteristic for identifying sexual states in the genus Curvularia. However, this character is not constant for Curvularia hawaiiensis as the length and the width of the ostiolar beak often varies within this species. Phylogenetically this species is closely related to Curvularia dactyloctenii (Fig. 1) . Manamgoda, Rossman & K.D. Hyde, Stud Mycol. 79: 280 (2014 ) non C. indica Subram. 1953 . (Fig. 6) = Bipolaris indica J.N. Rai, Wadhwani & J.P. Tewari, Sydowia 23: 8. 1970 . [1969 . On PDA, conidiophores (50-)105-300(-340) × 7-9 (-10) µm (av. = 203 SD = 98 n = 12; av. = 8 SD = 1 n = 12), usually arising singly, simple or rarely two to three branches, septate, geniculate, mid to dark olivaceous brown. Conidiogenous nodes dark brown, smooth. Conidia (27-)35-55(-66) × (17-)20-26(-28) µm (av. = 45 SD = 10 n = 34; av. = 23 SD = 3 n = 30), smooth-walled, straight, tapering towards rounded ends, ellipsoid or clavate, olivaceous brown to reddish brown, 5-6-distoseptate (av. = 4), germinating from both or one end. Hilum protuberant on most conidia. Hosts:-Brassica nigra, also reported on Panicum sp., Pennisetum americanum, P. typhoides, Trianthema portulacastrum and Trianthema sp. (Farr & Rossman 2014) .
Curvularia neoindica
Distribution:-India, also reported from Australia, China (Farr & Rossman 2014) . Notes:-Based on morphological and phylogenetic evidence of ITS and GPDH sequences of an authenticated strain (BRIP 17439) provided by Berbee et al. (1999) this species was included in the genus Curvularia . Curvularia neergaardii (Danquah) Y.P. Tan & R.G. Shivas, Australas. Pl. Pathol. 43: 600 (2014) . (Fig. 7) Basionym: Drechslera neergaardii Danquah, Trans. Brit. mycol. Soc. 64: 545. 1975 . On Dactyloctenium aegyptium, ascomata 190-362 µm (-490) × (142-)206-306(-350) µm (av. = 286 SD = 76 n = 15; av. = 256 SD = 50 n = 14) diameter, singly or in groups of few, black, globose or ovoid, often on thin or flat basal stroma. Ostiolar neck cylindrical or widen below, often bearing short board setae. Asci (88-)109-145 × 9-13 µm (av. = 127 SD = 18 n = 15; av. = 11 SD = 2 n = 15), straight or curved, cylindrical slightly accentuated at base. Ascospores (85-)93-135(-160) × 2-4 µm, hyaline, filiform, tapered slightly towards apex, loosely coiled inside ascus, sometimes parallel form middle part of ascus, 3-7 septate.
Asexual morph on Dactyloctenium aegyptium, conidiophores up to 150 µm long, 4-8 µm thick, pale to mid brown, straight or flexuous, geniculate towards apex, cylindrical, septate, sometimes swollen at base. Conidia 19-30 × 15-18 µm, straight, broadly ellipsoidal, mid brown to dark brown, slightly verruculose, 2-3-distoseptate. Hilum inconspicuous (Modified from Sivanesan 1987) .
Hosts:-Dactyloctenium aegyptium, also reported on Callistephus chinensis, Hibiscus esculentus, Oryza sativa, Pennisetum sp., Sesamum indicum, Setaria geniculata, Sorghum sp., Triticum sp. (Farr & Rossman 2014) Distribution:-Australia, Chile, also reported from China, Ghana, Iran, India, Saudi Arabia (Farr & Rossman 2014) .
Additional material examined:-CHILE, on desert soil, E. Piontelli, (DAOM 228085!).
Notes:-The species is phylogenetically closely related to Curvularia ellisii. However C. ellisii produces longer ascospores (115-285 µm) with more septa (7-22) (Sivanesan 1987) . Colonies on PDA, conidiophores up to 50-250 (-300) × (3-)4-8 µm wide (av. = 150 SD = 100 n = 20; av. = 6 SD = 2 n = 10) arising singly, usually straight or rarely branched, smooth, flexuous, geniculate, pale to dark brown. Conidia 27-35 (-40) × 16-22 µm (av. = 31 SD = 4 n = 32; av. = 19 SD = 3 n = 32), smooth, straight or sometimes curved, obovoid or sometimes ellipsoid, rounded at apex, rounded or truncate at base, hyaline or pale brown when young, becoming olivaceous brown at maturity, 3-5 (-6)-distoseptate. Hilum slightly protuberant.
Hosts:-Desert soil, also reported from Malva sylvestris. Distribution:-Algeria, also reported from China. Notes:-This species has short, wide conidia that are typical of Curvularia. Based on the phylogeny including the ex-type culture, this species is transferred to Curvularia . Curvularis nicotiae is closely related to C. nodulosa in the phylogeny (Fig. 1) . Sexual morph on Hordeum vulgare in Sach's agar medium: Ascomata (100-) 225-522 (-535) µm (av. = 389 SD = 132 n= 10), superficial, globose, black, with ostiolar beak (90-)160-310(-350) × 55-92 (-100) µm (av. = 236 SD = 75 n = 10; av. = 75 SD = 17 n = 10). Pseudoparaphyses filiform, hyaline, septate, branched. Asci (111-) 130-195(-203) × (10-)12-18 (-20) µm (av. = 163 SD = 33 n = 12; av. = 15 SD = 3 n = 12), with 1-8 spores arranged inside ascus, bitunicate, fissitunicate, cylindrical, tapering towards rounded ends, shortly pedicellate. Ascospores (120-)132-180 (-198 ) × 4-6 µm (av. = 157 SD = 25 n = 10; av. = 5 SD = 1 n = 10), filiform, hyaline, 3-11 (av. = 9) septate, arranged in a loosely coiled helix inside ascus.
RE-APPRAISAL OF THE GENUS
Asexual morph on Hordeum vulgare: Conidiophores 46-86 (-100) × 4-6 (-7) µm (av. = 66 SD = 20 n = 12; av. =5 SD =1 n = 12), arising in groups, branched, septate, flexuous, geniculate, pale brown. Conidiogenous nodes smooth, swollen, dark brown. Conidia (30-)35-51(-67) × 13-19 (-21) µm (av. = 48 SD = 13 n =14; av. =16 SD =3 n = 14), smooth-walled, straight, ovoid, obclavate, tapering towards rounded ends, pale brown, 5-7-distoseptate.
Hosts:-Eleusine indica, Hordeum vulgare, also reported from Eragrostis cilianensis, E. major, E. multicaulis, E. pilosa (Farr & Rossman 2013) .
Distribution:-USA, also reported from Japan and Sudan (Farr & Rossman 2013 (CBS 160.58!) .
Notes:-This species is reported to cause seedling blight, spotting and striping on leaves and sooty heads of the inflorescences of Eleusine indica (Luttrell 1957) . Morphologically and phylogenetically this species is closely related to C. kusanoi. Both species have distinctly small perithecia, asci and ascospores as compared to other species of Curvularia. Luttrell (1957) carefully observed the morphology of these two species and considered to be as distinct species based on the asexual characters. Curvularia kusanoi is usually reported to have 1-4-septate conidia and less prominently swollen conidiogenous nodes than in C. nodulosa. Curvularia ryleyi Y.P. Tan & R.G. Shivas, Australas. Pl. Pathol. (2014) (Fig. 10) On Sporobolus creber, conidiophores (51-)105-279(-305) × (3-)4-6(-7) µm (av. = 192 SD = 87 n = 23; av. = 5 SD = 1 n = 23), usually arising singly or sometimes in small groups, simple or branched, septate, geniculate, dark olivaceous brown to reddish brown. Conidiogenous nodes dark brown, smooth. Conidia (39-)51-83(-102) × (9-)11-17(-21) µm (av. = 67 SD = 16 n = 34; av. = 14 SD = 3 n = 34), smooth-walled, straight or curved, rarely sigmoid, subcylindrical or fusoid, tapering towards rounded ends, rarely clavate or obclavate, olivaceous brown to reddish brown, 3-7-distoseptate (av. = 4), germinating from both or one end. Hilum inconspicuous.
Hosts:-Sporobolus creber, also reported on S. diander, S. elongatus and other Sporobolus species (Sivanesan 1987) Distribution:-Australia, also reported from Papua New Guinea (Sivanesan 1987) Notes:-This species was first known as Bipolaris cylindrica. Tan et al. (2014) showed that according to their phylogeny, this species belong to genus Curvularia. However the epithet "cylindrica" was occupied in Curvularia by a different species C. cylindrica M. Zhang & T.Y. Zhang (2005) therefore Tan et al. (2014) introduced a novel epithet in order to prevent creating a homonym. Curvularia ryleyi has a wide variation in conidial length and shape. This species is phylogenetically closely related to C. crustacea. Colonies on PDA, conidiophores (50-)152-280(-378) × 4-8 µm (av. = 166 SD = 114 n = 25; av. = 6, SD = 2 n = 25), arising singly, simple or branched, flexuous, septate, geniculate at spore bearing part, dark brown, paler towards apex. Conidiogenous nodes dark brown, smooth. Conidia (15-)18-24(-28) × (9-)11-13(-15) (av. = 21 SD = 3 n = 32; av. = 12 SD = 1 n = 32), smooth-walled, usually curved, sometimes straight, navicular, obpyriform, tapering towards rounded ends, pale brown to dark reddish brown, 2-3 (-4) (av. = 3) septate. Hilum usually inconspicuous or sometimes slightly protuberant.
Hosts:-Desert soil, also reported on Phaseolus aconitifolius. Distribution:-India. Notes:-This species was initially described in Drechslera and Alcorn (1983) placed it in the genus Bipolaris. However, when conidial measurements are compared with other Bipolaris species, C. subpapendorfii produces distinctively smaller conidia. Production of stroma in culture has not been observed in Bipolaris species, but is typical of some Curvularia species. According to our phylogenetic data this species grouped in Curvularia close to C. ellisii and C. neergaardii (Fig. 1) .
Discussion
Molecular phylogeny of the genus Curvularia
The segregation of the sister genera Bipolaris and Curvularia was established by Manamgoda et al. (2012a) with the neotypification of the generic type, Curvularia lunata. Two new species of Curvularia were described based on the subsequent molecular phylogenetic analysis using the fresh collection from Thailand (Manamgoda et al. 2012b) . Madrid et al. (2014) described five new species of Curvularia from clinical specimens using ITS, GPDH, LSU and RPB combined phylogeny accompanied by morphology. According to the previous phylogenetic analyses based on ITS, TEF, GPDH and LSU gene regions, several Bipolaris species were grouped within the genus Curvularia and those taxa were transferred to the latter genus with taxonomic and nomenclatural changes (Manamgoda et al. 2012a .
In this study, the genus Curvularia is re-assessed with a molecular phylogenetic analysis of ITS, GPDH and TEF. This molecular phylogeny provides an updated backbone tree with all available type sequences of the genus Curvularia with additional fresh collections (Fig.1) . In total, 65 species are resolved based on the combined analysis of three gene regions, including additional isolates. The ITS and GPDH gene regions alone can resolve the majority of taxa in Curvularia. We observed infraspecific genetic variation of GPDH and TEF gene regions within Curvularia asianensis, C. hawaiienses, and C. lunata, which needs to be interpreted with care based on analysis of single and combined analysis in phylogenetic species delimitation.
Curvularia species I to V remain as unidentified species here, because some of these isolates did not sporulate in culture to observe the morphological characters. Most of the clinical isolates in the genus Curvularia have previously been identified as C. lunata based on their morphology or from standard blast searches in GenBank. However, most of the strains named C. lunata are wrongly identified in GenBank . Following the neotypification of C. lunata (Manamgoda et al. 2012a ) and the ex-type sequences of species in Curvularia provided in this study, the accurate identification of clinical isolates is now possible (da Cunha et al. 2013 ).
Host range: species associated with plants, animals and human
The genus Curvularia is rich in species diversity, host range and geographic distribution, when compared to Bipolaris. Many of the previous studies have shown that Curvularia species cause serious human infections while the species of Bipolaris are well known plant pathogens in cereals and grasses (Sivanesan 1987 . Phylogenetic analyses and taxonomic refinements support the segregation of these genera as reflected in their biology and infection strategies (Berbee et al. 1999 , Goh et al. 1998 , Manamgoda et al. 2012a .
Curvularia species may be pathogens of humans and animals, causing respiratory tract, cutaneous, and corneal infections (Carter & Baudreaux 2004) . Most species infect immune-compromised patients following by a kidney transplant or following cancer treatments. The introduction of these human pathogens may be a result of contact with air, soil or dead plant material as a source of inoculum for opportunistic pathogens. The ecology and descriptive biology of the cross infection of plant pathogens is complicated suggesting a fruitful area for research. Human diseases caused by species of Curvularia are generally reported from immune-compromised patients, rarely from healthy individuals (de la Monte et al. 1985) . Curvularia geniculata is reported to cause peritonitis (Terada et al. 2014) , while C. lunata is known to cause endophthalmitis (Jaramillo & Varon 2013) in immune-compromised patients. Other species of Curvularia such as C. brachyspora, C. clavata, C. inaequalis, C. pallescens, C. senegalensis and C. verruculosa are reported to cause human infections such as keratitis, sinusitis, cutaneous and subcutaneous infections, onychomycosis, endocarditis, cerebral phaeohyphomycosis, and allergic bronchopulmonary symptoms (da Cunha et al. 2013) . Most of these infections could be treated with fungicides such as amphotericin B, itraconazole (Jaramillo & Varon 2013) and voriconazole (Terada et al. 2014) . In several cases the adverse effects of Curvularia infections resulted in death (Friedman et al. 1981 , Carter & Boudreaux 2004 . Curvularia species have also been found to infect domestic animals, causing phaeohyphomycosis, keratopathy and canine keratomycosis of dogs (Chandler & Watts 1985 , Herráez et al. 2001 , Scott et al. 2014 ) and phaeohyphomycosis of cats (Beale & Pinson 1990) .
The new host records for the species indicate that there is a need for redefining the host range and geographic distribution of species of Curvularia. For example C. hominis and C. muehlenbeckiae, recently reported as human pathogenic isolates , were first recorded from herbaceous hosts. This situation has been observed with other Curvularia species such as C. hawaiiensis, C. lunata, and C. spicifera, which are found to in association with both human and plants.
Morphology versus molecular data: insights in to the taxonomy of the genus
Due to the morphological complexity within Bipolaris and Curvularia, it is difficult to identify species using the morphology of either sexual or asexual morphs alone. Morphological characters of different isolates of the same species can be variable. Also morphological characters of distinct phylogenetic species are commonly overlapping. Although the key feature of the genus Curvularia have curved conidia, some species do not always produce the characteristic conidia. Some Curvularia species such as C. cymbopogonis, C. oryzae-sativae, C. protuberata and C. ryleyi usually have straight conidia. Due to the subjective and inaccurate morphological identification of pathogenic and opportunistic fungi within these sister genera as well as confusion at the species level, the taxonomy of these genera is complicated, therefore molecular data are essential for accurate identification of species of both Bipolaris and Curvularia.
About 133 species epithets of Curvularia are listed in Index Fungorum (2015) and molecular data are available for only 59 species. Lack of the sporulation in older cultures and lack of the fresh collections are a bottleneck to understanding the genus. Ex-type or authenticated sequences should be added to public sequence databases as verified reference sequences that can be used to improve the systematics of the plant pathogenic fungi and accurate identification useful for plant quarantine and human health concerns . Future studies should focus on resolving the cryptic species diversity within Curvularia and epitypification of important pathogenic species . The abundance of cases of Curvularia as a cause of human disease increases the need for accurate diagnosis of fungal infections discovered by pathologists and the medical community. Reference DNA sequence datasets, preferably of ITS primary barcordes, secondary barcodes like GPDH and multiple gene sequence data are needed for accurate identification of these taxa. In addition, the sampling of taxa in phylogenetic studies should widened to include the range of plant hosts differing life styles as well as clinical specimens which are potentially harmful to human health.
